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The abundance of good reservoir and source rocks offshore Cabinda , Angola , makes 
the area an attractive and successful hydrocarbon province. Block 0, offshore Cabinda, 
lies in the Lower Congo basin along the western coast of Africa . The stratigraphy of 
Block 0 consists of two major oil-rich sequences: the rift sequence (primarily lacustrine) 
and the post-rift sequence (primarily marine). These are separated by a thick section of 
evaporites, and thus are referred to as the pre-salt sequence and post-salt sequence, 
respectively. 
The Chela Formation , mid-Aptian in age, was deposited before the salt. It consists 
of sandstones and conglomerates locally interbedded with carbonates. It is the youngest 
unit of the pre-salt sequence. The top of the Chela Formation is gradational into the salt, 
whereas the base of the Chela unconformably overlies older pre-salt units. The regional 
pre-Chela unconformity corresponds to the "break up unconformity" developed as a 
lll 
direct response of Gondwanaland rifting that resulted in the opening of the South Atlantic 
Ocean and culminated with the separation of the South American and African continents. 
In this context , the Chela Formation represents an early post-rift transgressive unit that 
spans the transition from continental to marine conditions . The thickness of the Chela 
Formation in Block O is variable. This unit thickens westward from O to 305 m. 
Environments of deposition within the Chela Formation range from coastal non-marine to 
shallow-marine environments. The Chela Formation onshore Cabinda is a fining-upward 
sequence with coarse sandstone and conglomerate in the base grading to finer sandstone 
interbedded with mudstone. Offshore, the unit is represented by a sequence of very-fine 
to fine-grained sandstone, grading to siltstone, and locally interbedded with dolomitic 
carbonates. Sediment in the Chela Formation has a continental-block provenance, 
evidence that Chela detritus was supplied from an external granitic source on the 
southern African continent. Although no commercial accumulations of hydrocarbons 
have been found offshore in the Chela sandstones to date, the unit represents a potential 
reservoir because of hydrocarbons log porosities between 15 and 30 porosity units, the 
presence of hydrocarbon shows onshore, and an excellent overlying seal of thick salt. 
(100 pages) 
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INTRODUCTION 
Offshore Cabinda has become one of the most important petroleum provinces in 
the world. Special attention is given to the Early Cretaceous non-marine syn-rift 
sedimentary package which contains exceptional petroleum source rocks in the pre-
Aptian Bucomazi Formation (Brice et al., 1982; Teisserenc and Villemin 1990; Burwood 
et al., 1995). These rocks are the source for most of the oil reserves of Angola , Gabon , 
Republic of Congo, and Democratic Republic of Congo (McHargue , 1990). The Province 
of Cabinda, Angola lies in the Lower Congo basin along the west coast of Africa between 
the Gabon Basin to the north and the Kwanza Basin to the south (Fig. IA). The Lower 
Congo basin is an elongate , NNW trending , offshore rift basin that encompasses an area 
of approximately 115,000 km 2 and extends to water depths in excess of 3500 m 
(Schirmer et al., 1999; Da Costa et al., 2001) . Fields discovered to date in the Lower 
Congo basin , offshore Cabinda, have a mean size of approximately 200 millions barrels 
of recoverable reserves in the deep-water trend (Da Costa et al., 200 I). In less than 200 
meters water depth, over 500 millions of recoverable reserves have been proven (Braccini 
et al., 1997). 
The Mesozoic and Tertiary structure and stratigraphy of Cabinda are divided into 
two major tectono-stratigraphic sequences separated by the Aptian Loeme salt. The older 
fluvial-lacustrine pre-salt sequence ranges in age from Neocomian to Middle Aptian 
(McHargue , 1990; Braccini et al., 1997). The younger, marine-dominated post-salt 
sequence ranges from Late Aptian through Quartenary (Fig. 2) (Braccini et al., 1997). 
The pre-salt sequence is widespread in the Lower Congo Basin, offshore Cabinda, and 
Gabon 
Basin 
Lower 
. 
. 
. 
Congo · • 
Basin 
:cameroon 
Cuanza 
Basin ~ ... · . . . . I Angola 
~,.~ J!pov 
. 
. 
. 
1 
o 300 kml I I I I 
10 mi 
10 km 
i~ambala 0 Sub-basin C> q t % 
Figure lA. Index map of the Lower Congo basin B. Cabinda section of the 
Lower Congo basin divided into sub-basins. Modified after Bracken (1994) 
N 
24 
35 .7 
57 
90 
93 
100 
108 
110 
r:J":, 
~ 
0 
~ 
u 
r:s 
~ 
115- U 
120 
122 
130 
AGE 
Miocene 
Oligocene 
Eocene 
Paleocene 
Albian 
Aptian 
?Jurassic? 
111111 Shale 
[] Sandstone 
~ Crubonate 
[B Evaporites 
~ Unconformity 
EVENTS 
Figure 2. Stratigraphic sequence of offshore Cabinda , Angola . 
Modified after Schoellkopf and Patterson (2000) 
3 
4 
includes four major lithostratigraphic units. From the oldest to the youngest they are the 
Lucula, the Bucomazi , the Toca and the Chela formations. 
This paper summarizes a detailed investigation of the Lower Cretaceous Chela 
Formation in the southern part of Area A, along the east side of Block 0, offshore 
Cabinda. The Chela Formation is a regionally extensive, predominantly elastic section 
that lies just below the Loeme Salt. It consists of sandstones and conglomerates with 
locally interbedded carbonates and mudstones. The upper portion of the formation is 
gradational into the Loeme salt, whereas the base of the unit unconformably overlies 
older Cretaceous syn-rift rocks . 
The significance of the pre-salt Chela Formation is twofold . First , it records a 
critical point in South Atlantic rifting. Second, it has good reservoir quality and thus 
untested petroleum potential. The discovery of good hydrocarbon shows onshore in the 
Chela Formation during the earliest phase of exploration in 1960s, and subsequent 
documentation of good reservoir characteristics of the unit offshore, suggest an important 
possible play type. Nevertheless , the petroleum potential of the Chela Formation offshore 
Cabinda is unknown because it has not been tested in an area with a good Chela trap. The 
purpose of this study is to provide a better understanding about the lithofacies 
distribution, depositional environments, and lateral stratigraphic variability within the 
Chela Formation, as well as to determine the stratigraphic relationships between the 
Chela Formation and older units. 
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BACKGROUND GEOLOGY AND PREVIOUS WORK 
Tectonic Setting.of Offshore Cabinda 
The structural development of the Lower Congo Basin along the West African 
continental margin is intimately related to the rifting of the supercontinent Gondwana, 
that culminated in the opening of the South Atlantic Ocean and the separation of Africa 
from South America (Burke, 1976; Lehner and De Ruiter , 1977; Brice et al., 1982; 
Clifford, 1986). Volcanic activity that preceded the separation of these two continental 
masses occurred between 135 and 130 m.y. (Siedner and Mitchell, 1976; Tankard et al., 
1982), and dates the initial breakup. In Cabinda Province, the time of the Jurassic-
Cretaceous boundary has been interpreted as a period of active rifting based on the 
occurrence of a thin layers of volcanics at the base of the sedimentary sequence with a 
radiometric age of approximately 140 ± 5 m.y. (Gulf Oil Co. data cited in Brice et al., 
1982, p. 7). Across the Atlantic, a mean age of about 130 m.y. has been reported for 
similar volcanic rocks along the South American margin (Cordani et al., 1972; Mohriak 
et al., 1989). Transverse fracture zones that formed during South Atlantic rifting 
fragmented the rifted continental crust into a sequence of structural highs and sub-basins 
(Fig. lB). These structural highs and sub-basins are part of the offshore Block O of the 
Cabinda Concession , which is divided into three areas A, B, and C (Fig. 3). 
Brice et al. (1982) divided the tectonic history of the Lower Congo Basin into five 
tectonic phases. These five phases preserved in the sedimentary sequence of Cabinda, 
range in age from earliest Cretaceous to Holocene (Fig. 2). The oldest is the pre-rift 
10mi 
-10 km 
[ Block 14 I 
Congo 
Cabinda 
ANGOLA 
Area A 
Block 0 
DRC 
Figure 3. Block s 0 and 14 of the Cabinda Concess ion, Angola . 
Modified after Schoellkopf and Patterson (2000) 
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phase, which was marked by gentle tectonism and was characterized by the deposition of 
a coarse elastic unit over faulted Precambrian metamorphic basement. 
The second phase is syn-rift phase I, defined as the most tectonically active 
period. Syn-rift phase I was characterized by uplift of fault-controlled basement blocks 
that resulted in the formation of a series of half-graben that were filled with deep anoxic 
lakes. These half-graben consist of rotated basement blocks with southwest-dipping 
normal faults and strike-slip faults (Bracken, 1994; Braccini et al. , 1997). The half-graben 
lake system expanded into one large stratified lake during the Neocomian, and allowed 
deposition of organic-rich shales. Toward the end of Barremian time, the entire lake 
bottom became oxygenated , which marked the end of the deposition of organic-rich 
shales (Dale et al., 1992). 
The third phase is syn-rift phase II. Its deposits are separated from those of the 
syn-rift phase I by a major unconformity that formed at the end of Banemian time. Syn-
rift phase II has been interpreted as a transitional sequence from non-marine to marine 
conditions (Brice et al. , 1982). It included deposition of carbonates, then coarse elastics 
and culminated in deposition of evaporites . This transition of environments preceded the 
onset of open-marine conditions in the basin near the end of the Aptian. 
The fourth phase , the post-rift phase, was dominated by an open-manne 
environment. Salt motion induced continued movements along pre-existing syn-rift II 
fault systems during the incipient post-rift phase . This created growth faults and salt 
domes. The post-rift phase included deposition of coarse elastic and carbonate that range 
from Albian to Eocene in age. 
8 
The fifth phase was marked by regional subsidence, accompanied by high-
pressure shale movement and associated growth faulting (Brice et al., 1982). This final 
phase, during late Tertiary , included the highest rates of subsidence in the basin. This 
subsidence was accompanied by regional tilting at the end of the Oligocene . 
Another tectono-stratigraphic model for reconstructing the rift history of the 
Lower Congo Basin in Cabinda was proposed by McHargue (1990) (Fig. 2). According 
to this interpretation, rifting evolved through three tectonic episodes, from the oldest to 
youngest: the fault phase (Neocomian), the sag phase (Barremian) and the drift phase 
(Aptian). Although the ages proposed precede those of Brice et al., the fault phase 
corresponds to the pre-rift and syn-rift I phases of Brice et al. (1982); the sag phase is 
related to the late-rifting episode of syn-rift II of Brice et al. (1982), and the drift phase 
represents the post-rift and regional subsidence phases of Brice et al. (1982). According 
to McHargue (1990), during the fault phase, high subsidence rates occurred near major 
faults and resulted in the formation of structural depressions (sub-basins) within the rift 
as well as the development of deep isolated lakes that accommodated the accumulation of 
organic-rich sediments. Fault-related subsidence decreased during the sag phase and 
regional thermal subsidence accommodated a broad , deep, stratified lake that covered 
most of the area. Fluctuations in lake level and chemistry during the sag phase allowed 
for the widespread deposition of carbonates during low-stand episodes and accumulation 
of organic-rich sediments during high-stand periods. The drift phase was characterized by 
continental rupture and formation of oceanic crust. The transition from rift to drift 
corresponds to the development of the regional unconformity at the end of Barremian, at 
the base of the Chela Formation, which McHargue (1990) interpreted to represent uplift 
9 
and erosion of the Cabinda continental margin during the opening of the Atlantic Ocean. 
This regional unconformity , defines the boundary between the sag and the drift phases 
described by McHargue and has been interpreted to represent the post-rift "break up" 
unconformity (Braccini et al., 1997; Kamer et al., 1997). 
Stratigraphic Framework of Cabinda 
Introduction 
The Lower Congo Basin in Cabinda Province contains approximately 12,000 m of 
sediments and sedimentary rocks deposited since its inception in the Early Cretaceous 
(Brice et., 1982). The description of the lithostratigraphic units used in this paper is based 
on McHargue (1990) and Braccini et al. (1997) for the pre-salt sequence and on Dale et 
al. (1992) for the post-salt sequence (Fig. 2). 
Pre-Salt Sequence 
The pre-salt sequence of Cabinda spanned earliest Cretaceous to mid-Aptian. As 
reported in previous studies (Brice et al., 1982; McHargue, 1990), the pre-salt section is 
dominated by syn-rift lacustrine , alluvial , and fluvial sediments. The absence of marine 
fossils and occurrence of freshwater ostracods indicates a fresh-water lacustrine 
environment (Bate, 1999). Facies changes throughout the section occurred in response to 
active faulting, variable subsidence rates, and creation of substantial topographic relief 
during deposition (McHargue and Cassa , 1988; Lambiase, 1990). The thickness of the 
pre-salt sequence in Cabinda is highly variable, ranges from 0 to 3,000 m (-10 ,000 ft) 
(Braccini et al., 1997), and consists of four units: the basal coarse elastic Lucula 
10 
Formation of early to late Neocomian age, the Neocomian to Barremian lacustrine shale 
of the Bucomazi Formation, the Barremian carbonate of the Toca Formation, and the 
upper coarse elastic unit , the Aptian Chela Formation (Braccini et al., 1997). 
The Lucula Formation lies on Precambrian metamorphic basement (Mayombe 
Formation). Lithologic units range from coarse arkosic sandstone to fine sandstone and 
dolomitic micaceous siltstone. The sandstones of the Lucula Formation are interpreted to 
have been deposited in a variety of settings, including alluvial-fan, fluvio-deltaic, and 
marginal-lacustrine environments (Braccini et al., 1997). These environments of 
deposition and association with the basal regional unconformity suggest that the Lucula 
Fonnation records the initiation of syn-rift sedimentation. The thickness of the Lucula 
Formation recorded from a few wells drilled through the pre-salt section of Cabinda is 
about 460 m (1500 ft) (Braccini et al., 1997). 
The lacustrine Bucomazi Formation has been divided into three informal 
members : lower, middle and upper (McHargue , 1990). The rocks of the lower Bucomazi 
member are dominantly very fine-grained sandstone , shaly sandstone, dolomitic siltstone , 
shale and, locally , organic-rich shale. This member is tilted and bounded at the top by an 
angular unconformity, indicating syn-rift rotation of strata . The thickness of the lower 
Bucomazi member is variable , and locally reaches more than 879 m (2884 ft) (Braccini et 
al., 1997). The middle Bucomazi member is dominantly composed of organic-rich shale, 
carbonate-rich shale, and marl. High TOC values (maximum TOC 30%) suggest it is the 
best source rock in the pre-salt sequence of the Cabinda area (Braccini et al., 1997; 
Orsolini at al., 1998). Thickness of the middle Bucomazi member is relatively uniform 
laterally . The maximum thickness is about 320 m (1054 ft) (Braccini et al., 1997). The 
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contact between the middle and upper Bucomazi members is at the top of the highest 
organic shale. The lacustrine upper Bucomazi member is composed of mudstone and 
shale with low TOC, interpreted to result from shoaling of the lake (Braccini et al., 1997), 
because there is no evidence of a major change in environmental or paleoclimatic setting 
between the deposition of the middle and upper members. The thickness of the upper 
Bucomazi member is uniform laterally. The maximum thickness is 433 m (1420 ft) 
(Braccini et al., 1997). Sedimentation in the upper member was affected by reactivation 
of largest basin-boundary faults. 
The lacustrine Toca Formation is primarily composed of limestone, dolomite , and 
argillaceous carbonate, with subordinate sandy carbonate and shale. It has been divided 
into three members. In ascending stratigraphic order they are: Toca 1, Toca 2 and Toca 3 
members (Harris, 2000). Some researchers have suggested that the Toca carbonates are a 
shallow-water lateral equivalent of the Bucomazi Formation (McHargue, 1990; Bracinni 
et al., 1997). Based on inter-fingering relationships, Harris (2000) reported that Toca 1 
and Toca 2 members grade laterally into mudstones of the middle Bucomazi member, 
demonstrating that these two pre-salt formations are coeval. However, the Toca 3 
member is composed of nearly pure carbonate and it is interpreted to be equivalent to the 
upper Bucomazi member (Braccini et al., 1997; Harris, 2000). Toca carbonates are 
associated with topographic highs, and are thought to be controlled by lake-level 
variations (Braccini et al., 1997; Bate , 1999). The Toca Formation shows high variability 
in thickness, and ranges from O to approximately 400 m (1309 ft) (Braccini et al., 1997). 
The Chela Formation is the youngest unit of the pre-salt sequence. It was 
deposited on top of a major regional unconformity. The upper portion of this unit is 
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gradational into the Loeme Salt. The Chela Formation is composed primarily of 
sandstone and conglomerate with locally interbedded carbonate. Kamer et al. (1997) 
suggested a possible interfingering relationship between the Chela Formation and the 
lacustrine carbonates within the underlying Toca Formation, based on the similarity of 
carbonate rock types. The maximum known thickness of the Chela Formation in previous 
studies ranged from 0 to approximately 80 m (262 ft) (Braccini et al., 1997). 
Salt Sequence 
Thick evaporites of the Aptian Loeme Formation on top of the Chela Fom1ation 
indicate the onset of episodic marine incursion into the basin and severe evaporation. 
This unit separates the predominantly syn-rift , pre-salt lacustrine section from the post-
salt, drift-pha se marine section. Where the Chela formation is absent , the Loeme 
Formation lies uncomformably on top of various pre-Aptian units or even directly on 
basement. An Aptian age has been attributed to the evaporitic deposits of the Loeme salt 
based on palynologic data from interbedded shale (Lehner and De Ruiter , 1977). Salt 
thickness is highly variable due to upward flowage and subsequent rafting. It may reach 
approximately 1000 m (3280ft) in the depocenters . In offshore Cabinda , the salt 
mobilized and became moderately to highly deformed, resulting in salt diapirs and salt 
"windows" . The Loeme Formation consists of halite interbedded with thick layers of 
potash salts such as camallite, polyhalite and sylvite (Dale et al., 1992). The deposition 
of anhydrite marks the top of the Loeme Formation, and suggests a decline in salinity. 
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Post-Salt Sequence 
Post-salt sedimentation records widespread transgression and deepening marine 
conditions along the West African margin, with fully marine conditions permanently 
established in the Albian . The post-salt sequence consists of Albian carbonate rocks, 
Cenomanian to Turonian carbonate and elastic rocks, and Senonian to Miocene elastic 
rocks (Fig. 2). 
Post-salt sedimentation started with a transgression, resulting in the deposition of 
shelf elastics and carbonates of the Pinda Formation. Salt movement and passive-
continental margin subsidence produced the collapse of the Albian shelf westward into a 
series of fault blocks bounded by NW-striking listric normal faults (Dale et al., 1992). In 
Cenomanian time the depositional pattern changed from mixed carbonate-elastic to 
dominantly silicielastic sediments. During this period , sedimentation was controlled by 
continued marine transgression, resulting in the deposition of nearshore sandstone of the 
Vermelha Formation and deposition of silt and mud of the Iabe Formation to the west. 
The Iabe Formation ranges in age from Cenomanian to late Senonian. It is dominated by 
shale with subordinate beds of dolomite, sandy dolomite, and limestone. These 
lithologies interfinger eastward with sands of the Mesa and Lago formations (Dale et al., 
1992). Deep-water turbidites of the Landana Formation were deposited uncomformably 
on top of the Iabe Formation in the early Tertiary. During the Oligocene, sea level 
dropped significantly. At the end of the Oligocene, regional tilting of the area occurred as 
passive-margin subsidence continued. As the result of this tilting and sea-level fall, a 
major unconformity formed, upon which the Malembo Formation was deposited 
unconformably on top of the post-rift sequence (Brice et al., 1982; Dale et al., 1992). The 
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Miocene Malembo Formation is a regressive sequence composed primarily of shale and 
turbidites associated with numerous cut-and-fill channel systems (Dale et al., 1992). 
Continued subsidence during late Tertiary provided accommodation space that allowed 
the deposition of a very thick section of fine-grained elastic sediments over the top of the 
basin during the Quaternary (Dale et al., 1992). 
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PETROLEUM SYSTEMS OF CABINDA 
Introduction 
Based on the petroleum-system nomenclature established by Magoon and Dow 
(1994), numerous source-reservoir couplets are identified offshore Cabinda (Table 1). 
The major petroleum systems recognized in Block O of the Cabinda Concession involve 
the Bucomazi, Iabe/Landana, and Malembo source rocks and their associated oils 
(Schoellkopf and Patterson, 2000). 
Petroleum Source Rocks 
Oil produced offshore Cabinda comes from three prolific source rocks : the 
lacustrine Lower Cretaceous Bucomazi Formation, the marine Upper Cretaceous-Lower 
Tertiary Iabe and Landana formations and the marine Tertiary Malembo Formation. The 
lacustrine shale of the Bucoma zi Formation average 7% TOC (maximum = 30%), and 
contains type I kerogen (Orsolini et al., 1998). This Bucomazi source is the dominant 
contributor to both pre-salt and post-salt reservoirs in offshore Cabinda (Braccini et al., 
1997; Orsolini et al., 1998). 
The marine Iabe and Landana source rocks contain excellent type II kerogen with 
TOC values up to 10 % and 4% respectively (Cole et al. , 2000). The marine Malembo 
source rock is type II to II-III oil prone with good to moderate source potential in 
westernmost Block O (Amaral et al., 1998) . The TOC values for the Malembo source 
rock are around 2 % (Schoellkopf and Patterson, 2000). Oils of mixed origin are found in 
offshore Cabinda in post-salt reservoirs. Geochemical models suggest that Iabe/Landana 
Table 1. Block O Petroleum Systems 
Source (Age) Source Rock Source-Reservoir Pairs 
Oligocene-Miocene Malembo Malembo-Malembo 
Malembo-Pinda 
Cenomanian-Eocene Iabe/Landana Iabe/Landana-Malembo 
Iabe/Landana-Pinda 
INeocomian-Barremian Bucomazi Bucomazi-Iabe 
Bucomazi- Vermelha 
Bucomazi-Pinda 
Bucomazi-Toca 
Bucomazi-Bucomazi 
Bucomazi-Lucula 
(Modified after Schoellkopf and Patterson , 2000) 
........ 
0\ 
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and Malembo oils trapped in post-salt reservoirs are mixed with oil and gas from the 
Bucomazi source rock (Schoellkopf and Patterson, 2000). 
Oil Generation and Migration 
Maturation models suggest that the timing of oil generation and migration in the 
Cabinda petroleum systems started in Late Cretaceous , and that both continue at present 
(Schoellkopf and Patterson, 2000). The timing of events associated with the three major 
Block O petroleum systems is shown in Figures 4, 5 and 6. Most of the oil in the 
Bucomazi petroleum system was generated from Cenomanian to Paleogene time during 
rapid passive-margin burial of syn-rift source rocks (Schoellkopf and Patterson , 2000). 
Geochemical analysis indicates that Bucomazi oils have charged several marine post-rift 
reservoir rocks (Pinda , Vermelha, labe) forming productive plays (Schoellkopf and 
Patterson , 2000) . This indicates that these hydrocarbons migrated great distances 
vertically , and possibly laterally, from the active source rock to the post-salt reservoirs. 
The hydrocarbon migration to post-salt reservoirs likely occurred through pre-salt 
faults and fractures , which acted as conduits to carry oil from the pre-salt source rock to 
reservoirs in the pos-salt sequence. Thereafter, the most common migration pathways 
between the pre-salt source rock and the post-salt reservoir rocks were probably 
reactivated syn-rift faults and salt windows . 
Reservoir Rocks 
The sand-rich Neocomian Lucula Formation and the diagenetically enhanced 
carbonates of the Barremian Toca Formation are the most productive pre-salt reservoir 
BUCOMAZI PETROLEUM SYSTEM 
MESOZOIC CENOZOIC 
Cretaceous 
Early Late Pal Eocene Oligocen 
Source Rock 
Reservoir 
Seal 
Trap Formation 
Generation/ 
Migration 
Preservation 
Figure 4. Event chart for Bucomazi Petroleum System in Block 0, offshore 
Cabinda , Angola . Modified after Schoellkopf and Patterson (2000) 
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IABE/LANDANA PETROLEUM SYSTEM 
MESOZOIC CENOZOIC 
Cretaceous 
Early Late Pal Eocene Oligocen 
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Figure 5. Event cha11 for Iabe/Landana Petroleum System in Block 0, offshore 
Cabinda , Angola. Modified after Schoellkopf and Patterson (2000) 
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Figure 6. Event chart for Malembo Petroleum System in Block 0, offshore 
Cabinda, Angola . Modified after Schoellkopf and Patterson (2000) 
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rocks. In the post-salt section of offshore Cabinda, reservoir rocks include Albian to 
Campanian sandstones, siltstones and carbonates, including carbonates and elastic of the 
Pinda Formation, Vermelha sandstones, siltstones of the Iabe Formation, and Miocene 
elastics of the Malembo Formation. Vermelha and Pinda Formations are the most 
productive reservoirs in the post-salt sequence of Cabinda. 
Seal Rocks and Traps 
Seal formation in Cabinda petroleum systems started in the Early Cretaceous 
(Figs. 4, 5, and 6). Deposition of the Bucomazi shales provided effective seals in the pre-
salt sequence. The Loeme Salt, where continuous , also provides an effective regional 
seal. Combined structural and stratigraphic traps are common and consist of anticlinal 
and rotated-fault-block closures that are combined with depositional or erosional 
stratigraphic pinchouts (Orsolini et al. , 1998) . 
Exploration History of Lower Congo Basin 
in Cabinda Province 
Petroleum exploration in the Lower Congo Basin, Cabinda Province , started in 
1958 in Block O (Frank and Anderson, 2000). The original area of 7,267 km2 of the 
Cabinda Concession was mostly onshore, with a shallow-water portion to approximately 
30 m water depth. The earliest phase of exploration in the basin was restricted to onshore 
Block 0, and the exploration extended until 1972, when further exploration in the land 
area was abandoned. 
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During the latest 1960s until the interruption of drilling in 1975 due to war, 
several wells were drilled offshore in Block 0. Five important oil and gas fields were 
discovered. The Malongo West field was discovered in 1970 and in 1971 the giant 
Takula field was found, both discoveries were in reservoirs in the post-salt Pinda 
sandstones (Dale et al., 1992). Between 1971 and 1975 the N'Dola, Livuite, and 
Kungulo fields were discovered. Between the resumption of exploration in 1979 through 
the middle 1980s, other discoveries were made at the Wamba, Numbi, Banzala and Yuko 
fields (Frank, 2000). 
In 1984, Block O of the Cabinda Concession was divided into two parts, area A 
and area B. The latter was later subdivided into areas B and C (Fig. 3). Early field 
discoveries and development were primarily in Area A. The first offshore wildcat well 
was drilled in area A in 1966. This well encountered a reservoir in the sandstones of the 
Vermelha Fomrntion and discovered the Limba field, the first oil field in the post-salt 
seque nce of Cabinda. The first pre-salt discovery followed a year later in the Malongo 
North Field, also in area A. Exploration farther offshore, in areas B and C, in 1986 
resulted in the discovery of new fields such as the Longui, Nemba, Lomba , Mbili, and 
Sanha fields . 
Since the mid- l 990s a number of exploratory wells have been drilled even farther 
offshore, in the Tertiary deepwater turbidite trend , in Block 14 of the Cabinda 
Concession, in water depths between 200-1000 m. The first oil field , in the turbidite 
trend, the Kuito field, was discovered in 1997 at approximately 350 m water depth (Fig. 
7). Production started in December 1999. Other significant discoveries in Block 14 
include the Benguela and Belize fields just south of Kuito (CABGOC, 2001 ). 
'· 
E 
0 
Q 
i..'Jl 
T 
' 
f 4 
Legend: 
_A 
Oil Fields 
10 miles 
'· · ··, .. ,. ...... .. /··· ···· · '· ., \, ~.---
2'(; ... _ -/.:.: .::::: ,, ··· ·-.. ·, O km 
Uom ·- ,-, _ e~~ ~ :: :::·: ::. :::_ -. \ 1 
n 500 rrr • 9: . <;~nJl'o..n· . · - · .. . .. 
i . ...... ··········. ·······1066::: : :: ••  ::•: •..•••. ::: ::··i:···· "··-
,,..,,· ifrftfm ..... :.::~:· .. ·.···.···_-~·:·:: ··-~.-~:~ ...... -~::.·~ ·· ·· '······~--.... -· 
,/ / / ... 
Figure 7. Block 14 of the Cabinda Concession, Angola. Tertiary deepwater turbidite trend lies 
in water depths between 200 and 1500 m. Modified after Cabinda Gulf Oil Co. (2001). 
N 
w 
24 
Approximately 60,000 km 2 of major prospective areas with plays in the deep-
water turbidite trend remain unexplored in water depths of 1500 to 3 500 m (Da Costa et 
al., 2001). The success rate of exploratory wells in the Lower Congo Basin, as well as 
the great number of commercial accumulations found in the Cretaceous pre-salt and post-
salt sequences and the Tertiary deepwater turbidite trend demonstrate a rather low 
geologic risk in the Lower Congo Basin. In addition, recent improvements in deepwater 
technology and in seismic quality and political and economic stability encourage future 
upstream investments. All these factors and the existence of large unexplored areas in the 
basin provide significant future potential. 
Production in Block O of the Cabinda Concession currently comes from the pre -
salt and post-salt Cretaceous reservoirs. Block O presently produces more than 500 ,000 
barrels of oil per day from 40 fields in sandstone and carbonate reservoirs (Appendix A) 
(Frank and Anderson, 2000 ; Da Costa et al. , 2001) . In Block O of Cabinda Concession, 
the sandstones of the Lucula Formation contain the largest productive reservoir of the 
pre-salt sequence , followed by the carbonates of the Toca Formation (Orsolini et al., 
1998) . The Kambala Field , in Block 0, Area A, discovered in 1971, was brought on 
production in 1974. This field produces from hydrothermal enhanced porosity associated 
with dolomitization of the Toca carbonates (Lomando, 1966). Currently , the Kambala 
field produces about 8,000 BOPD from lacustrine carbonates in the upper and lower parts 
of the Toca Formation. 
25 
DATA AVAILABLE 
Introduction 
Subsurface data for this study were provided by ChevronTexaco Overseas 
Petroleum Inc. The data are from Block 0, and include five 3D seismic-reflection 
surveys, well logs for 13 8 wells, conventional cores, and thin sections from selected wells 
(Fig. 8). 
3D-Seismic Data 
The seismic data set for this project consists of five merged surveys : Livukam , 
Cabcenter , Kalisth2, NDolmbil , and Kokbomnk that cover an area of approximately 5180 
krn2. The Kambala-Livuite field area is covered by the Livukam survey shown in blue in 
Figure 8. Seismic interpretation, using Landmark Seisworks 3D, focused on mapping the 
upper and lower contacts of the Chela Fonnation and major pre-salt normal faults. The 
Kambala field area was mapped in detail, especially on top and flanks of the structure. 
Well Data 
Of the 138 wells drilled onshore and offshore in Block 0, only 44 wells , including 
18 wells drilled in Kambala field, have been used in this study for correlations and 
mapping purposes because they have Chela penetration and are at key locations. A list of 
well names with upper and lower Chela geologic picks and thicknesses is provided in 
Appendix B. Time-depth correlations between wells and seismic profiles were used to 
pick horizon ties in the seismic data. 
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In addition to mudlogs and wireline logs, well data for this study also contain 
conventional cores cut from three wells drilled in Block 0, with Chela penetration. These 
wells are 120-3, 120-12, and 123-1 (Fig. 8). Lower and middle parts of the Chela 
Formation were cored in offshore wells 120-12 and 120-3, respectively , and onshore 
basal Chela section was cored in well 123-1 (Fig. 9). Twenty thin sections of the Chela 
Formation cut from cores and cuttings in two other wells were also available for this 
project (Fig. 8). 
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Figure 9. Lithologic logs of cores of the lower and middle Chela Formation , Cabinda , Angola. Lower and middle 
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RESULTS OF 3D-SEISMIC INTERPRETATION 
AND WELL-LOG ANALYSIS 
Introduction 
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The locations of interpreted seismic profiles presented in this chapter are shown in 
Figure 10. Structure-contour maps of the seismic horizons picked as the top and base of 
the Chela Formation are shown in Figures 11 and 12 (Plates 1 and 2), respectively. The 
Chela isochore (thickness) map is shown in Figure 13 (Plate 3). 
Regional Relationships 
The depth-structure maps of the top and base Chela horizons in offshore Cabinda 
(Plates 1 and 2) show that the unit is laterally continuous throughout the mapped area . 
These two horizons are predominantly sub-parallel throughout Block 0. The Chela 
Formation is thinner in the eastern side of the basin within Area A as shown in Figure 14 
and also over basement highs (Fig. 15). The thickness of the Chela Formation over the 
structural highs nears the lower limit of seismic resolution , as shown in Figures 15, 17, 
18, and 19. The Chela Formation thickens off the flanks of the structural highs (Figs. 16, 
17) and also shows a seaward thickening in Figure 17. 
Thickness of the Chela Formation near the southwestern edge of the seismically 
mapped area is not reliable. This may be due to poor quality of the seismic data near the 
edge of the seismic survey and the associated lack of well control. In that part of the 
study area, the Chela Formation is interpreted to be anomalously thick, as shown in the 
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Figure 11. Depth structure-contour map of top of Chela Formation , offshore Cabinda, Angola. 
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Figure 12. Depth structure-contour map of base of Chela Formation, offshore Cabinda, Angola. 
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Figure 13. Chela isochore map showing thickness of Che la Formation, offshore Cabinda, Angola. 
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Figure 14. Well-log correlations showing westward thickening of the Che la Formation in Block O of 
the Cabinda Concession, Area A. Orange and brown lines correspond to top and base of the Che la 
Formation, respectively. Upper and lower Chela geologic picks, and Chela thickness for each well 
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Figure 16. Well-log correlations across Kambala high showing thickness variation of the Chela 
Formation in Block 0, Area A, offshore Cabinda. Orange and brown lines correspond to top and base 
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available in Appendix B. 
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Figure 17. Seismic profile through wells 117-IX and 120-12, across Kambala high, with and 
without interpretation. Orange and red sub-horizontal lines are top and base Chela, respectively. 
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w 
--._.) 
W WELL WELL WELL WELL 
95-1 X 95-3X 95-4X 
WELL 
97-IX 
1.5 sec 
2.0 sec 
2.5 sec 
3.0 sec 
3.5 sec 
1.5 sec 
2.0 sec 
2.5 sec 
3.0 sec 
3.5 sec 
94-IX 
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isochore map (Fig. 13; Plate 3). At the northern margin of the Cabinda Area A, the Chela 
Formation is absent , due to non-deposition (Fig . 18). 
On the flanks of the structural highs, the Chela Formation overlies lacustrine 
carbonates of the Toca Formation. The upper boundary of the Chela Formation, which is 
also the base of the salt, is a strong reflector that is identifiable in areas with good quality 
seismic data. On seismic profiles, from analyses of well logs , and from examination of 
the lower Chela contact in core from well 120-12, a possible interfingering between the 
sandstones of the Chela Formation and the underlying carbonates of the Toca Formation 
suggested in previous studies was not confirmed. 
The Chela Formation thickens westward into a thick sandy section, penetrated by 
drilling and attributed to the Dentale Fonnation (originally described in Gabon) (Fig. 20). 
On seismic profiles this interval occupies the same interval as the Chela Formation, 
between the top syn-rift section and the base of the Loeme Salt (Fig. 19). In Block 0, 
composite well logs show the Dentale Formation to be dominantly composed of coarse to 
fine-grained sandstone locally interbedded with carbonate and mudstone. In Gabon , the 
Dentale Fonnation is overlain by the Gamba Sand a unit equivalent to the Chela 
Fonnation. Seismic and well data do not indicate that the Dentale Formation is present in 
eastern Block 0. This unit is only penetrated by three wells, 105-2X, 119-lX and 119-2X 
(Fig. 20). As shown in Figure 20, the Dentale section offshore Cabinda is interpreted to 
lie between the Chela Formation and the Toca carbonate only in the western part of the 
study area. Its thickness is uncertain because the lithologic similarity between the Dentale 
and Chela formations obscures the contact. This lithologic similarity is confirmed by the 
gamma-ray curve, which has more or less the same response along the entire Chela-
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Figure 20. Well-log correlations through Dentale wells, offshore Cabinda, Angola. Well 120-12 
included for comparison. Orange and brown lines correspond to top and base of Che la Formation, 
respectively. Upper and lower Chela geologic picks, and Chela thickness for each well are available 
in Appendix B. ~ 
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Dentale interval between the top Toca and base Loeme salt (Fig. 20) . The only significant 
variation between the Chela and the Dentale was observed in the density and sonic curves 
of well 119-1 X (Fig. 20). On seismic sections, the elastic package thickens westward 
more than previously reported and approximately 80 m at the top is Chela. Beneath is an 
additional Dentale section that is lithologically indistinguishable from the Chela (Fig. 
20), although it is older (Braccini et al., 1997). This composite Chela/Dentale section is 
305 m (1000 ft) thick. This interval in Block O is treated as Chela Formation , even though 
the lower part of this section probably correlates with the Dentale Formation in Gabon 
(Fig. 21). 
Structural Geology 
The pre-salt sequence in Block O includes four distinct sub-basins : Takula and 
Malongo , along the coast , Kambala and Likouala farthest offshore (Fig. 1 B) (Bracken , 
1994 ; Braccini et al., 1997). These sub-basins are separated by rotated , fault-block horsts 
cored by crystalline basement. The investigation of the Chela Fom1ation in this study 
focuses on the Kambala area (Fig. 1 B) . Kambala Field is a NW-SE trending anticlinal 
structure. It is bounded by a west-dipping normal fault and underlain by a tilted basement 
high (Fig. 22). Normal faults are the most prevalent structural features in the pre -salt 
section, and usually dip at 45° to 55°. These faults generally strike NW and dip SW. They 
offset basement and most of the pre-salt section but they generally do not cut the base 
Chela horizon (Figs . 15, 18). Only one major fault clearly cuts the base Chela reflector at 
the SW margin of the Kambala high (Fig. 22 ; Plate 2). Throw on this fault , measured 
from the depth map , is about 500 ft (152 m) at the base Chela horizon . 
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RESULTS OF CORE ANALISYS 
Introduction 
The interpretation of the sedimentology and the depositional environments in this 
study was based on analysis of cores from three wells: well 123-1 drilled onshore, and 
two offshore wells in Kambala field, 120-3 and 120-12 (Figs. 8 and 9). The facies code 
used to describe the core, their definitions, and the depositional processes are summarized 
in Table 2. 
Onshore Core 123-1 
General Statement 
A total of approximately 30 m (98 feet) of continuous core from the Chela 
Fonnation was available from well 123-1 (Fig. 9). In general, this core shows a fining-
upward sequence with coarse-grained sandstone and pebble conglomerate at the base 
grading to finer sandstone locally interbedded with shale near the middle and toward the 
top of the core (Fig. 9). Traces of residual oil were found close to the top of the core in 
the fine-grained section. The complete vertical sequence includes fluvial, foreshore, and 
shoreface deposits . The description of the facies associations and the interpretation of the 
depositional environments follow . 
Braided Fluvial or Braid-Plain Deposits 
Description - The fluvial deposits are composed of three associated lithofacies Gt-
St-Sp (Fig.9). This facies assemblage consists of poorly sorted, clast-supported, trough-
cross-stratified pebble conglomerate (Gt) and poorly sorted, cross-stratified pebbly coarse 
Facies Code 
Gt 
St 
Sr 
Sp 
Sl 
Sh 
Sm 
Fsm 
Fsr 
Fsh 
Fl 
Table 2. Facies Codes, Definitions , and Depositional Processes 
(Modified after Miall, 1984 and 1996) 
Definitions Depositional Processes 
Trough cross-stratified clast supported pebble Traction transportation in 3D dune 
conglomerate 
Trough cross-stratified pebbly sandstone Migration of subaqueous 3D dunes 
Rippled sandstone Unidirectional migration of ripples 
Planar cross-stratified sandstone Migration of subaqueous 2D dunes 
Low angle cross-stratified sandstone Migration of subaqueous low angle bedforms 
Horizontally stratified sandstone Upper regime subaqueous traction flow 
Massive sandstone Rapid deposition from suspension or produced by 
bioturbation . 
Massive siltstone (Fm=massive mudstone) Deposition by suspension or produced by bioturbation. 
Rippled siltstone Unidirectional migration of ripples 
Laminated siltstone Deposition by intermittent suspension settling 
Laminated mudstone Deposition by intermittent suspension settling 
-+'> 
°' 
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sandstone (St). Coarse pebbly sandstone with planar cross-stratification (Sp) was less 
common. Pebbles are primarily composed of quartz and minor potassium feldspar and 
mica. Quartz pebbles are sub-angular, and the largest clast cored was 5 cm in diameter 
(Fig. 23). The sand grains are dominated by quartz and mica. This facies assemblage 
exhibits good visible porosity. 
Depositional Interpretation - The association of lithofacies Gt and St, and the 
poor sorting suggest a sandy channelized unidirectional system with high energy. These 
lithofacies are typical of braided rivers or braid-plain deposits (Miall 1977, 1978). The 
dominant cross-stratification and poor sorting in this lithofacies assemblage suggest an 
episodic transportation of sediments and deposition in channel bars during unsteady 
flows (Miall , 1996). 
Foreshore Deposits 
Description - The foreshore deposits are dominantly represented by the 
association of four lithofacies: SI, St, Sh, and Fm (Fig. 9). Mudstone is uncommon in this 
facies assemblage, but it was interbedded locally with the sandstone. Sparse wood 
fragments were found in the mudstone. The largest one measured approximately 2 cm 
long. The foreshore deposits are composed of moderately sorted fine to medium-grained 
sandstone. Bedding consists primarily of low-angle and trough cross-stratification (Fig. 
24). The sand grains are typically subangular to rounded, and they consist dominantly of 
quartz, feldspar, and fragments of schist and gneiss. Biotite is the predominant mica and 
it is concentrated in laminae (Fig . 25). Pelecypod and ostracod shell fragments were 
Figure 23. Pebbly conglomerate of the Chela Formation 
near the base of gravel deposits in core from well 123-1, 
onshore Cabinda . Pebbles are up to 5 cm across . 
00 
Figure 24 . Trough cross-stratification in a fine-grained 
sandstone with laminations of mica. Core from well 123-1, 
lower Chela Formation, onshore Cabinda . 
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locally found in this section of the core. Visible porosity in the core ranges from fair to 
good. 
Depositional Interpretation - The characteristics of the lithofacies assemblage 
described above and the roundness of the sand grains is very typical of high-energy 
foreshore sedimentation. Foreshore deposits commonly exhibit low-angle cross-
stratification with subordinate parallel beds (Ryer, 1977; Davis and Ethington, 1976). 
Occurrence of woody material also suggests a shallow nearshore environment. 
Upper Shoreface Deposits 
Description - Upper shoreface deposits are represented by the association of five 
lithofacies: SI-Sh-Sr-St-Fm. This facies association is characterized by moderate to well 
sorted fine-grained sandstone with laminations of mica. Some laminations of mud were 
present in this section of the core. The sand grains consist of quartz, feldspar and mica. 
Upper shoreface deposits typically display horizontal plane bedding with some low-angle 
and ripple cross-stratification (Ryer, 1977; Davis and Ethington , 1976). These 
characteristics are present in this facies assemblage as shown in Fig. 26. At top of the 
core the sandstone is locally interbedded with a peloidal packstone. The sandstone is 
compacted and has poor to very poor visible porosity. Burrows and bioturbation are rare 
in this lithofacies assemblage. 
Depositional Interpretation - The facies association described above suggests 
high energy but subaqueous deposition. The laminations of mud found in the sandstone 
are the result of suspension settling during episodes oflower energy . 
Figure 25. Low-angle and trough cross-stratified fine-grained 
sandstone with laminations of mica . Some horizontal burrows 
are displayed near the bottom of the core piece . Core from well 
123-1, Chela Formation , onshore Cabinda. 
0 0 
Figure 26 . Fine-grained sandstone with sub-horizontal 
laminations of mica . Current ripple cross-stratification is well 
displayed in the lower part of this core . Core from well 123-1, 
Chela Formation, onshore Cabinda. 
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Offshore Core 120-12 
A total of 23 m (75 ft) of Chela Formation was examined from 30 m (99 ft) of 
core available from well 120-12. The upper Toca/base Chela contact was cored in this 
well and approximately 7 m (24 feet) of upper Toca section was described. The contact is 
an erosive surface with clear angular discordance between bedding in the Chela and Toca 
Formations (Fig. 9). This angular unconformity and abrupt change in lithology indicate 
an abrupt change in environment of deposition separated by an episode of tectonic tilting 
and erosion, likely subaerial. 
The bottom of the 120-12 core consists of upper Toca Formation , and contains 
abundant pelecypod shells (Fig. 27). There is a sharp contact between Upper Toca and 
the base Chela as shown in Fig. 28. Upper Toca portion of core consists of dolomite and 
limestone grainstone interbedded with sandstone in places. In the Toca interval, vugs are 
common and range in size from 1 to 3 cm. Dolomite can occur as replacement or as vug-
pore-filling cement. Upper Toca sediments contain abundant pelecypod-dominated fossil 
assemblages. 
The Chela interval is composed primarily of a lower sequence of very fine to fine-
grained sandstone, which grades upward into siltstone . This sequence is locally 
interbedded with dolomitic limestone in which disarticulated pelecypod shells are very 
common. The sandstone is very calcareous. Sandstone grains are subangular to 
subrounded, and consist dominantly of quartz. The lower part of the Chela section 
consists primarily of very fine to fine-grained sandstone. The dominant sedimentary 
structures are wavy bedding to horizontal stratification (Fig. 29). Ripple cross-lamination 
Figure 27. Dolomite grainstone of upper Toca with 
abundant aligned clam fragments . Core from well 
120-1 2, Toca Formation , offshore Cab inda . 
Figure 28 . Abrupt contact between the upper Toca Formation 
and base Chela Formation. Partly stained limestone 
grainstone below and very fine to fine-grained sandstone 
above the contact. Core from well 120-12, offshore Cabinda . 
52 
Figure 29. Very fine to fine-grained sandstone shows 
horizontal stratification at top of the core. Core from 
well 120-12, Chela Formation, offshore Cabinda. 
Figure 30. Very calcareous siltstone with nodules of dolomite 
parallel to bedding. Core from well 120-12, Chela Formation, 
off shore Cabinda. 
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and trough cross-stratification are less common. Intraclasts of clam shells were also 
observed. The upper part of the Chela interval consists of fine to very fine-grained 
sandstone, grading to siltstone. Both the sandstone and the siltstone are very calcareous. 
Laminated mudstone is present locally within the siltstone. Rare root structures are 
associated with the siltstone. In this upper part of the section sparse burrows were found 
as well as traces of heavy minerals such as pyrite. Thin beds of nodular dolomite are also 
very common in this core (Fig. 30). The nodules are elongated and are generally parallel 
to bedding. The largest nodules found are 2 to 5 cm in their long axis. 
Offshore Core 120-3 
Approximately 17 m (56 ft) of Chela Formation core from well 120-3 was 
described (Fig. 9). The cored interval shows a sequence of very fine sandstone and 
siltstone locally interbedded with mudstone and dolomite. Sandstones of the Chela 
section in this core are very fine-grained similar to those in the core 120-12. Nodular 
bedding of dolomite is very common in this sandstone as well. 
The lower part of the core is predominantly very fine-grained sandstone with 
subordinate thin beds of dolomite and laminated mudstone . Near the base of the core the 
sandstone shows some bioturbation. Layers of clam shells are present locally. The middle 
section of the core is dominantly composed of siltstone locally interbedded with 
mudstone and nodules of dolomite . The upper part of the core is a sequence of mainly 
very fine-grained sandstone with four thin intervals with abundant clam shells. The sand 
grains are generally subangular to subrounded , and are dominantly quartz. Sandstones 
and siltstones both are well cemented with dolomite. Sedimentary structures are primarily 
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horizontal and wavy bedding with subordinate ripple cross-stratification. In general the 
porosity observed from the core is very poor. However, poor to fair intergranular porosity 
was found locally in the lower part of the core, with traces of bitumen. Nodules of 
dolomite are common, and they are parallel to the bedding as in core 120-12 (Fig. 31 ). 
Layers of clam shells were also observed, particularly in the upper portion of the core 
(Fig. 32). 
Depositional Interpretation of Offshore Cores 
The two offshore cores (120-3 and 120-12) show similar characteristics in tenns 
of grain size, sorting, sedimentary structures , and composition. The dominance of sub-
horizontal to horizontal plane bedding and the presence of wavy bedding and subordinate 
wave ripples are typical of subaqueous deposition in a high-energy environment , with 
oscillatory currents and shallow water depths. The thin layers of disarticulated, broken 
clam shells, the presence of bioturbation , and the thin layers of dolomite all point to 
subaqueous deposition, possibly in a lower shoreface depositional setting . The nodular 
dolomite found within the sandstone appears to be a secondary structure formed during 
diagenesis . The concentrated beds of clam shells , generally above a sharp base are 
interpreted as storm event deposits within a generally lower-energy environment 
(Howard and Reineck, 1981; Morton, 198 l ). 
Figure 31. Very fine to fine-grained sandstone showing nodules 
of dolomite parallel to bedding. Diameters of the nodules range 
from 1 to 5 cm. Core from well 120-3, Chela Formation, offshore 
Cabinda. 
Figure 32. Very fine to fine-grained sandstone with interbedded 
layers of clam shells near the middle part of the core. Core from well 
120-3, Chela Formation, offshore Cabinda. 
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RESULTSOFSANDSTONEPETROGRAPHY 
Introduction 
For this study, a total of twenty thin sections were cut from core and cutting 
samples from two Kambala wells, 120-3 and 120-9X (Fig. 8; Appendix C). Half of each 
thin-section was stained for both plagioclase and potassium feldspar. For each slide a 
total of 450 points were counted on a flat-stage petrographic microscope with an 
automatic point counter . Point-count parameters are recorded in Table 3, and raw data 
and recalculated parameters are summarized in Appendix C. The Gazzi-Dickinson 
sandstone point-counting technique was used to determine the sandstone provenance of 
the Chela Formation (Dickinson, 1970; Dickinson and Suczek, 1979; Ingersoll et al., 
1984). 
Type of Framework Grains 
Quartz Grains 
Quartz grains were divided into two categories: monocrystalline (Qm) and 
polycrystalline quartz (Qp) grains. Quartz aggregates composed of very small grains of 
quartz with < 0.0625 mm in diameter were defined as polycrystalline quartz. 
Monocrystalline quartz is represented by quartz grains 2': 0.0625 mm in diameter. In all 
the samples described for this study, monocrystalline quartz is predominant, whereas 
polycrystalline quartz grains are less common. Monocrystalline quartz grains are 
dominantly subrounded (Fig. 33). They generally show nonundulose extinction, although 
rare undulose monocrystalline quartz grains were observed. Monocrystalline quartz 
Qm 
Qp 
p 
F 
L 
M 
Po 
C 
Ma 
Q 
F 
Lt 
Code 
Table 3. Point-Count Parameters 
Description 
Monocrystalline quartz 
Polycrystalline quartz 
Plagioclase feldspar 
Potassium feldspar 
Lithic grains* 
Mica 
Pore space 
Calcite cement 
Matrix 
Quartzose grains (Qm + Qp) 
Feldspar (Fp + Fk) 
Total lithic grains (L + Qp) 
* Volcanic, metamorphic and sedimentary lithics 
Framework grains = Q + F + L + M 
QFL¾Q = l00Q/(Q + F + L) 
QFL¾F = l00F/(Q + F + L) 
QFL¾L = l0OL/(Q + F + L) 
QmFLt¾Qm = l00Qm/(Qm + F + Lt) 
QmFLt¾F = lO0F/(Qm + F + Lt) 
QmFLt¾Lt = l00Lt/(Qm + F + Lt) 
Note : Carbonate grains are disregarded in this method 
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Figure 33. Sample 10271 from well 120-3, Photomicrograph , 
crossed polarizers (XP) , 2.5 X. Very fine-grained sandstone , 
well sorted, with quartz grains dominantly subrounded and 
subspherical. Chela Formation, Kambala Field , offshore Cabinda . 
Figure 34. Sample 10271.5 from well 120-3, Photomicrograph, XP, 
10 X. Very fine to fine-grained sandstone composed dominantly of 
Qm and K feldspar . A grain of microcline is in the center of the slide . 
Chela Formation , Kambala Field, offshore Cabinda. 
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represents a total of approximately 84% of the grains counted, and polycrystalline quartz 
makes up approximately 1 %. 
Feldspars 
Feldspar grains were divided into two categories: plagioclase feldspar (P) and 
potassium feldspar (K). They were differentiated by staining and by identification of 
diagnostic twinning . Plagioclase and K feldspar grains have a diameter 2'.: 0. 0625. 
Microcline is the most abundant K feldspar observed (Fig. 34). In samples where the 
feldspars are entirely altered, twinning ghosts helped to identify them. Plagioclasc 
represents a total of approximately 4% of the grains, whereas the K feldspars make up 
about 5% of the grains . 
Rock Fragments 
Three types of lithic grains were identified in the samples, metamorphic , volcanic , 
and sedimentary . Metamorphic lithics are the most common followed by volcanic lithics 
and minor amounts of sedimentary lithics . Metamorphic lithics are typically represented 
by foliated quartz/phyllosilicate aggregates . Volcanic lithic grains are represented by 
feldspar and phyllosilicates grains within a microcrystalline groundmass composed of 
quartz and ( or) feldspar. Granitic and gneissic rock fragments composed of coarse 
crystals (> 0.0625 mm) were counted as individual mineral species , not as lithics, 
according to Gazzi-Dickinson point-counting method. Lithic grains in the thin sections 
account for 4% of the grains counted. 
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Phyllosilicates 
Two kinds of mica (M) biotite and muscovite, were point-counted in the thin-
sections. These constitute nearly 2% of the grains. In samples where both types of mica 
are present, the amount of biotite is always greater than muscovite. 
Modal Sandstone Composition 
In wells 120-3 and 120-9X, framework grains are dominantly medium to fine-
grained monocrystalline quartz with subordinate polycrystalline quartz, plagioclase , K 
feldspar , and lithic grains . In some samples, mica has been recognized both as individual 
grains and within lithic fragments. K feldspar is more abundant than plagioclase . 
Numerous feldspar grains are partially or completely altered to phyllosilicates while 
many others have been replaced by calcite. Original pores between grains are filled 
primarily by blocky calcite cement. In a few samples space between grains is filled with 
quartzose matrix. Argillaceous matrix is less common. Sandstones of the Chela 
Formation have a mean QFL of 86, 9, 5 and a mean QmFLt of 85, 9, 6. 
Local Basement Lithology 
The Mayombe Group represents the local basement in the province of Cabinda. 
The basement lithology is dominantly composed of low to medium-grade regionally 
metamorphosed (upper greenschist to amphibolite facies) Precambrian rocks (Furon, 
1963). The rocks consist dominantly of schist and gneiss with quartz, biotite, sodic 
plagioclase and minor amounts of potassium feldspar and garnet (Furon, 1963; Popek, 
1996; Braccini et al., 1997). According to Furon (1963) the Mayombe basement in 
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Cabinda is cut by alkaline and calc-alkaline granites and migmatites . Other basement 
lithologies, such as calcitic marble, actinolite schists, and localized granitic pegmatite 
dikes are present but not very common (Braccini et al., 1997). 
Sandstone Provenance 
Plots of the composition of sandstones in the Chela Formation fall in the 
Continental Block provenance field of Dickinson et al. (1983) (Fig. 35). The detrital mica 
and metamorphic-derived clasts found in Chela samples are interpreted to be de1ived 
from the erosion of local metamorphic basement highs. However , the abundant granitic 
material found in the sandstones of the Chela Formation is interpreted to have been 
transported from an external source on the south Afiican continent, which is composed 
primarily of granitoid gneiss with granitic and dioritic batholiths (Furon , 1963 ). This 
interpretation is consistent with the continental-block provenance field dete1mined from 
the QFL and QmFLt ternary plots . 
Continental Block 
Provenance 
F 
Continental Block 
Provenance 
F 
Qm 
Q 
Recycled Orogen 
Provenance 
Lt 
Recycled Orogen 
Provenance 
L 
Figure 3 5. QFL and QmFLt ternary diagrams show the compositions of the 
analyzed Chela Formation sandstones . Crosses represent individual samples. 
Provenance fields are from Dickinson et al. (1983). 
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DISCUSSION AND CONCLUSIONS 
Discussion 
Results of this study demonstrate that the Chela Formation, in general, is not 
affected by rift-related basement faulting. Thus it represents earliest post-rift 
sedimentation. Seismic profiles and arbitrary seismic lines with an E-W orientation 
across Block O (Figs. 17 and 19) illustrate that the Chela Formation, from a regional 
standpoint , is an extensive , laterally continuous unit. The major fault that cuts the base 
Chela illustrated in Fig. 22 provides evidence of local movements along preexisting syn-
rift faults during early post-rift sedimentation , however such influence is limited. Minor 
fault reactivation or relict syn-rift extensional topography may explain the non-deposition 
of the Chela Formation in the northern part of the basin (Fig. 8) (Plates 1, 2, 3). 
The Chela Formation onshore consists of a fining-upward sequence. This 
sequence consists of coarse sandstone and conglomerates in the base grading upward to 
finer sandstone (Fig. 9). Offshore, the Chela Formation becomes finer in general and the 
fining -upward sequence there consists of fine to very fine sandstone locally interbedded 
with dolomitic carbonate (Fig. 9). Facies described in core (well 123-1) show a typical 
transgressive sequence representing depositional environments that range from fluvial to 
shallow-marine sedimentation, increasing in paleobathymetry upward. 
Previously suggested lateral interfingering between the Chela Formation and the 
lacustrine carbonates of the underlying Toca Formation (Kamer et al., 1997) is not 
supported by this research . The sharp Toca/Chela contact, at a uniform stratigraphic 
horizon (Fig. 28) demonstrates that the Chela Formation overlies, and is not a lateral 
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equivalent of Toca carbonates. This surface is interpreted to be unconformable because of 
the abrupt change in environment of deposition across the contact, as well as cessation of 
rift-related normal faulting at that horizon. 
This base Chela unconformity is believed to be a regional feature formed as a 
result of an erosive pulse that occurred at the end of Barremian time, following cessation 
of extensional faulting, and marked by uplift, tilting, and erosion of the Cabinda 
continental margin. The pre-Chela unconformity records the termination of the final rift-
related faulting that affected the Cabinda margin, and likely also corresponds to the 
African/South American continental break up, the "break-up unconformity" (Kamer et 
al., 1997). Even though pnor biostratigraphic studies of the pre-salt section were 
inconclusi ve, recent biostratigraphic data (SIZ) for both the Chela Formation and Loeme 
salt (Fig. 2) provide a consistent Aptian age (Braccini et al., 1997) . The standard 
integrated zonation (SIZ) is an integration of palynomorph and ostracods biozones 
(Braccini et al., 1997). It provides a reasonable biostratigraphic framework for most of 
the pre-salt formations in Cabinda (Fig . 36) . Based on the SIZ there is no record of the 
early Aptian (AP I and AP2) age in Cabinda (Braccini et al., 1997). This suggests that the 
base Chela "break-up unconformity" spans late Barremian through early Aptian in age. 
As such , this time interval also dates the initiation of seafloor spreading and the timing of 
initial formation of normal oceanic crust (Kamer et al., 1997). Deposition of the Chela 
Formation , compiled from the SIZ began in mid-Aptian (AP3). 
In Cabinda Province, marine microfossil assemblages such as foraminifera have 
not been previously described. However, limited occurrences of dinoflagellates have been 
described from a few wells (COPI, 1996). Although Chela Formation marine fossils still 
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remain to be confirmed with future biostratigraphic studies, the top Chela grades into the 
periodically fully marine environment represented by the evaporites of the Loeme 
Formation. In a few wells, lithologies found in the upper part of the Chela section are 
repeated within the evaporitic sequence, and evaporites occur in the upper Chela 
Formation. These observations establish a gradational boundary between Chela and 
Loeme formations, and thus support the interpretation of the Chela Formation as a post-
rift transgressive continental to shallow-marine sequence. 
The significance and stratigraphic relationships of the Dentale Formation are 
outstanding problems in the area offshore Cabinda . The age of the Dentale Formation has 
been reported as late Barremian (BA4) (Braccini et al., 1997) or early Aptian (APl) 
(COPI, 1996). The Dentale Formation was drilled in the western part of Block 0. It is 
composed dominantly of coarse to fine-grained sandstone locally interbedded with 
carbonates and mudstones . The absence of the Dentale sandstones in the eastern part of 
the basin suggests a westerly sediment transport direction . The pre-salt Dentale 
Formation has been interpreted in previous studies as a lateral equivalent of upper 
Bucomazi or Toca , nevertheless this interpretation was not confirmed . Perhaps more 
likely is the proposed interfingering between the sandstones of the Dentale and the Chela 
formations reported by Braccini et al. (1997), as both represent early post-rift pre-salt 
elastic sections. The current lack of well control in the western part of the study area 
prevents a more complete understanding of the significance of the thick elastic section in 
the western part of the study area and its stratigraphic relationships with the Chela and 
Dentale formations, in detail. To resolve these uncertainties, a detailed evaluation of the 
Dentale Formation is required to confirm the lateral distribution of lithofacies and 
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depositional environments within the unit. Petrographic analysis will also provide 
information about the mineralogy and the provenance of these sandstones, which could 
be compared with the Chela Formation results presented here. Furthermore, reliable 
biostratigraphic dating will confirm the age and stratigraphic position of the Dentale 
Formation. Although the Dentale Formation has never been tested, the porosity of the 
Dentale sandstones inferred from logs is good (Braccini et al., 1997) suggesting that it is 
a good target for future investigation and hydrocarbon exploration. 
Sandstone reservoirs of the Chela Formation have been tested in a few onshore 
wells during the early phase of exploration in Cabinda Province. Although oil shows 
occur in Chela sandstones, no commercial accumulations have been found either onshore 
or offshore to date . The good reservoir potential of the sand-rich Chela Formation has 
been proven with average log porosities ranging from 15 to 30 pu (Braccini et al., 1997) . 
The lack of commercial Chela oil accumulations, associated with traces of residual oil in 
the cores and with the extensive lateral continuity of the Chela reservoir in Block O of 
Cabinda, suggest that lateral migration has occurred within the pre-salt petroleum system 
along the Chela horizon. This hydrocarbon charge may have been lost through salt 
windows, which break the Loeme seal through up dip long-distance lateral migration to 
onshore areas (Fig. 11; Plate 1) or may remain in areas with effective traps at the Chela 
Formation level. 
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Chela Formation Depositional Model 
The depositional model of the Chela Formation presented in this paper is an 
approach based on detailed facies analysis, well-log data, and petrographic analysis. 
These data suggest that a marine transgression occurred in Cabinda during Aptian time. 
Late Barremian has been reported as the time of the final rifting event that culminated 
with the uplift and erosion of the Cabinda continental margin. This event, lasting from 
late Barremian to early Aptian, corresponds to the continental breakup of Africa and 
South America and continued until the emplacement of oceanic crust (Kamer et al., 
1997). The mid-Aptian marine transgression that accompanied deposition of Chela 
sediments is likely the first major marine incursion associated with the opening of the 
South Atlantic Ocean (Fig. 36). The continental block provenance of the sandstones of 
the Chela Formation, demonstrated by petrographic analysis, shows that most of the 
Chela sediments were externally derived, probably through river drainage off the African 
continent. Development of restricted marine embayrnents during Aptian time was the 
response of the initial marine transgression into the rift basins that lead to deposition of 
the evaporites of the Loeme Formation near the end of Aptian time. The depositional 
interpretation for the Chela Formation is consistent with the nearshore to shallow-marine 
lithofacies found in the cores, and it also explains the gradational transition of the 
sandstones of the Chela Formation into the salt deposits of the Loeme Formation. 
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Conclusions 
This study is the first detailed investigation of the mid-Aptian pre-salt Chela 
Formation in Block O of the Cabinda Concession, and represents the first step in a 
detailed evaluation of the facies distribution and depositional environments within the 
Chela Formation . Further research in the pre-salt sequence should be done to solve 
remaining uncertainties, to constrain the pre-salt sequence stratigraphy and the 
paleogeography of the area, and ultimately to define a consistent geological model for the 
Cabinda Province. The conclusions from this study are summarized as follows: 
• The Chela Formation in Block O is a post-rift transgressive continental to 
shallow-marine sequence dominated by sandstones with some pebble 
conglomerates eastward. Chela sandstones correspond to fluvial, marginal 
marine, and shallow-marine deposits, suggesting that Chela sediments were 
deposited during the initial transgression of the South Atlantic into the rift 
basins . 
• The unconformity at the lower Chela contact is interpreted as the "break-up" 
unconfonnity because it overlaps, but is not cut by major syn-rift normal 
faults, with one known exception. This unconformity appears to correspond 
temporally to the African/South American continental break up, because 
according to standard integrated zonation (SIZ) the hiatus lasted from latest 
Barremian to mid-Aptian time. 
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• Offshore Cabinda, the Chela Formation lies unconformably on top of the Toca 
carbonates. Chela sands tones do not interfinger with the carbonates of the 
Toca Formation. 
• The thickness of the Chela Formation in Block Oranges from Oto 305 m. 
==> Thick areas are concentrated on the eastern and western flanks of the 
Kambala structural high and farther offshore toward the west. Thicker 
troughs (sub-basins) trend NW-SE. 
==> The Chela Fo1mation thins toward the eastern side of the basin and 
over basement highs . 
• Petrographic analysis indicates that the bulk of granitic gravel and sand grains 
found in the Chela Formation were not supplied from the local metamorphic 
basement rocks , but rather from a continental granitic source. The detrital 
biotite and muscovite and metamorphic-derived clasts present in Chela 
samples are possibly derived from the erosion of nearby metamorphic 
basement uplifts. 
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Table Al . List of Oil and Gas Fields Discovered in Block 0, 
Area A, Offshore Cabinda 
Discovery Discovery Oil-in-Place 
Field Area Well Year MMBO 
70-3X A 70-3X 1998 225 
106-3X A 106-3X 1998 606 
121-5X A 121-5X 1985 100 
Banzala A 46-lX 1983 1,402 
Kali A 95-3X 1969 54 
Kambala A 121-2X 1971 267 
Kungulo A 84-22X 1975 1,265 
Lifua A 56-lX 1994 694 
Lifuma A 84-3 lX 1984 97 
Limba A 96-lX 1966 380 
Limba Southwest A 96-5X 1998 129 
Livuite Gas A 119-lX 1971 2 
Livuite Oil A 132-2X 1981 86 
Malongo North A 73-lX 1966 1,461 
Malongo South A 73-2X 1966 545 
Malongo West A 72-9X 1969 1,123 
N'Sano A 44-8X 1992 284 
Numbi A 57-5X 1982 915 
Numbi East A 58-7X 1997 240 
Numbi Northeast A 58-5X 1995 39 
Numbi Southeast A 71-27X 1993 69 
Takula A 44-lX 1971 3470 
Vuko A 71-14X 1983 338 
Wamba A 44-5X 1982 509 
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Table A2. List of Oil and Gas Fields Discovered in Block 0, 
Areas B and C, Off shore Cabinda 
Discovery Discovery Oil-in-Place 
Field Area Well Year MMBO 
105-2X B 105-2X 1997 337 
Bomboco B 92-2X 1987 646 
Kokongo B 104-lX 1989 1,290 
Lomba B 67-3X 1992 406 
Longui B 91-2X 1990 153 
Longui Tertiary B 79-2X 1998 118 
Nemba B 67-lX 1990 932 
N'Sangui B 55-lX 1994 354 
Vanza B 80-lX 1988 170 
Mbili C 130-lX 1993 109 
Minzu C 115-lX 1994 281 
N'Dola C 117-lX 1972 685 
iN'Kassa C 128-lX 1968 228 
N'Tene C 139-1X 1988 148 
Sanha C 105-lX 1987 1,272 
Sanzamo C 136-lX 1987 187 
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Table B. List of Wells Used in Log Correlations 83 
and Cross-Sections 
WELL NAME TOPCHELA BASE CHELA CHELAISOCHORE 
(Ff) (Ff) (FT) 
105-2X -13155.0 -13808.9 653.9 
106-lX -12196.0 Not reached 
109-3 -8542.0 -8576 .0 34.0 
109-4 -6730.0 -6815.0 85.0 
109-5X -7675.8 -7740 .9 65.1 
111-2 -7326.0 -7505.0 179.0 
117-lX -14585.7 Not reached 
119-lX -11498.0 -12413.0 915.0 
119-2X -11748.0 -12747.6 999.6 
120-lOX -10241.0 -10408.0 167.0 
120-11 -10360.0 -10533.0 173.0 
120-12 -10267.0 -10424.0 157.0 
120-13 -10388.0 -10493.0 105.0 
120-14ST1 -10421.0 -10635.0 214.0 
120-lX -10156.4 -10291.3 134.9 
120-2 -10128.7 -10221.3 92.6 
120-3 -10119.4 -10330.0 210.6 
120-4A -11757.0 -12672.0 915.0 
120-5ST3 -10375.3 -10594.7 219.5 
120-7 -10235.0 -10357.0 122.0 
120-8ST2 -10093.7 -10291.7 198.0 
120-9X -10159.4 -10356.1 196.8 
121-2X -10214.0 -10441.3 227.3 
121-3X -10246.0 -10525.7 279.7 
121-4X -10312.0 -10581.2 269.2 
121-6 -[0401.9 -10737.0 335.1 
121-7 -10025.0 -10180.0 155.0 
122-3 -9485.0 -9700.0 215.0 
123-1 -7395.0 -7555.0 160.0 
132-2X -11735.3 -12023.8 288.6 
132-6XST1 -[1945.7 -12786.8 841.l 
133-lX -10131.8 -10613.9 482.2 
133-2XST -10167.2 -10628.5 461.3 
73-8X -6550.0 -7212 .0 662.0 
74-8X -5921.0 -6044.0 123.0 
86-1 -6100.0 -6312.0 212.0 
92-lX -13442.0 -13873.4 431.4 
94-lX -11110.0 -11232.0 122.0 
95-lX -10054.0 -10528.5 474.5 
95-2X -10123.6 -10724.6 601.0 
95-3X -10042.5 -10525.7 483.2 
95-4X -9981.5 -10493.6 512.1 
97-lX -8323.3 -8462.6 139.2 
98-6X -7213.0 -7281.0 68.0 
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Table C 1. Point-Count Data from Kambala Field 
( 450 counts per thin section) 
Well No. Thin-Section No. Qm Qp F p L 
120-3 10271 288 2 78 5 26 
120-3 10271.5 320 2 47 10 12 
120-3 10274 328 1 41 10 23 
120-3 10274.5 326 2 26 25 23 
120-3 10277.5 340 4 21 10 16 
120-3 10280 .5 338 2 23 12 13 
120-3 10287 337 3 27 11 15 
120-3 10289 344 3 10 23 15 
120-3 10290 323 1 18 12 16 
120-3 10293 325 2 12 28 ]3 
120-3 10297 337 1 8 22 18 
120-3 10297 .5 345 4 12 21 15 
120-3 10302 340 3 17 14 12 
120-3 10305 .5 331 1 9 21 17 
120-3 10309 344 5 11 15 19 
120-3 10317 340 4 8 20 13 
120-3 10311 336 1 11 21 23 
120-3 10314 349 0 7 18 15 
120-9X 10398 Al 332 13 12 18 16 
120-9X 10446 A3 336 0 13 14 15 
M Po 
12 4 
15 4 
14 0 
13 0 
16 6 
5 11 
12 3 
6 2 
12 15 
5 15 
4 8 
6 6 
0 12 
0 16 
2 8 
0 12 
2 9 
3 14 
0 4 
7 6 
Ma 
0 
3 
0 
0 
0 
6 
7 
8 
7 
7 
5 
0 
7 
3 
10 
5 
4 
2 
16 
15 
C 
35 
37 
33 
35 
37 
40 
35 
39 
46 
43 
47 
41 
45 
52 
36 
48 
43 
42 
39 
44 
00 
V, 
Table Cl. Point-Count Data from Kambala Field (Continued) 
Well No . Thin-Section No . %Qm %Q~ %F %P %L %M %Po 
120-3 10271 64.0 0.4 17.3 1.1 5.8 2.7 0.9 
120-3 10271.5 71.1 0.4 10.4 2.2 2.7 3.3 0.9 
120-3 10274 72.9 0.2 9.1 2.2 5.1 3.1 0.0 
120-3 10274.5 72.4 0.4 5.8 5.6 5.1 2.9 0.0 
120-3 10277.5 75.5 0.9 4.6 2.2 3.6 3.6 1.3 
120-3 10280.5 75.1 0.4 5.1 2.7 2.9 1.1 2.4 
120-3 10287 74.9 0.7 6.0 2.4 3.3 2.7 0.7 
120-3 10289 76.4 0.7 2.2 5.1 3.3 1.3 0.4 
120-3 10290 71.8 0.2 4.0 2.7 3.6 2.7 3.3 
120-3 10293 72.2 0.4 2.7 6.2 2.9 1.1 3.3 
120-3 10297 74.9 0.2 1.8 4.9 4.0 0.9 1.8 
120-3 10297.5 76.7 0.9 2.7 4.6 3.3 1.3 1.3 
120-3 10302 75.5 0.7 3.8 3.1 2.7 0.0 2.7 
120-3 10305.5 73.5 0.2 2.0 4.6 3.8 0.0 3.6 
120-3 10309 76.4 1.1 2.4 3.3 4.3 0.4 1.8 
120-3 10317 75.5 0.9 1.8 4.4 2.9 0.0 2.7 
120-3 10311 74.7 0.2 2.4 4.6 5.1 0.4 2.0 
120-3 10314 77.6 0.0 1.5 4.0 3.3 0.7 3.1 
120-9X 10398 Al 73.7 2.9 2.7 4.0 3.6 0.0 0.9 
120-9X 10446 A3 74.7 0.0 2.9 3.1 3.3 1.5 1.4 
%Ma 
0.0 
0.7 
0.0 
0.0 
0.0 
1.4 
1.5 
1.8 
1.5 
1.5 
1.1 
0.0 
1.5 
0.7 
2.2 
1.1 
0.9 
0.5 
3.5 
3.3 
%C 
7.8 
8.3 
7.4 
7.8 
8.3 
8.9 
7.8 
8.7 
10.2 
9.6 
10.4 
9.2 
10.0 
11.6 
8.0 
10.7 
9.7 
9.3 
8.7 
9.8 
00 
°' 
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Table C2. Point-Count Recalculated Parameters 
Well No. Slide No. Q F L ¾Q ¾F ¾L %Total 
120-3 10271 290 83 26 72 21 7 100 
120-3 10271.5 322 57 12 82 15 3 100 
120-3 10274 329 51 23 81 13 6 100 
120-3 10274 .5 328 51 23 81 13 6 100 
120-3 10277 .5 344 31 16 88 8 4 100 
120-3 10280 .5 340 35 13 88 9 3 100 
120-3 10287 340 38 15 86 10 4 100 
120-3 10289 347 33 15 88 8 4 100 
120-3 10290 324 30 16 88 8 4 100 
120-3 10293 327 40 13 86 11 3 100 
120-3 10297 338 30 18 87 8 5 100 
120-3 10297 .5 349 33 15 88 8 4 100 
120-3 10302 343 31 12 89 8 3 100 
120-3 10305.5 332 30 17 88 8 4 100 
120-3 10309 349 26 19 89 6 5 100 
120-3 10317 344 28 13 89 7 4 100 
120-3 10311 337 32 23 86 8 6 100 
120-3 10314 349 25 15 90 6 4 100 
120-9X 10398 Al 345 30 16 88 8 4 100 
120-9X 10446 A3 336 27 15 89 7 4 100 
Mean 86 9 5 100 
S.d. 4.2 3.5 1.1 
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Table C2 . Point-Count Recalculated Parameters 
(Continued) 
Well No . Slide No. Qm F Lt ¾Qm ¾F %Lt %Total 
120-3 10271 288 83 28 72 21 7 100 
120-3 10271.5 320 57 14 82 15 4 100 
120-3 10274 328 51 24 81 13 6 100 
120-3 10274 .5 326 51 25 81 13 6 100 
120-3 10277.5 340 31 20 87 8 5 100 
120-3 10280.5 338 35 15 87 9 4 100 
120-3 10287 337 38 18 86 10 4 100 
120-3 10289 344 33 18 87 8 5 100 
120-3 10290 323 30 17 87 8 5 100 
120-3 10293 325 40 15 86 11 3 100 
120-3 10297 337 30 19 87 8 5 100 
120-3 10297.5 345 33 19 87 8 5 100 
120-3 10302 340 31 15 88 8 4 100 
120-3 10305 .5 331 30 18 87 8 5 100 
120-3 10309 344 26 24 87 7 6 100 
120-3 10317 340 28 17 88 8 4 100 
120-3 10311 336 32 24 86 8 6 100 
120-3 10314 349 25 15 90 6 4 100 
120-9X 10398 Al 332 30 29 85 8 7 100 
120-9X 10446 A3 336 27 15 89 7 4 100 
Mean 85 9 6 100 
S.d. 4.0 3.5 1.1 



